Background. The purpose of this study was to describe the prevalence and extent of coronary artery calcification (CAC) in subjects with chronic kidney disease (CKD) stages 3 and 4 comparing those with and without diabetes. We also wished to determine if the presence of peripheral artery calcification (PAC) would assist in identifying patients positive for CAC. Methods. CAC was detected by multi-slice computed tomography and PAC was detected by plain foot radiography. Study population was 112 patients, 54 with diabetes and 58 without, all asymptomatic for heart disease. Demographic and laboratory data were collected and analysed. Results. The prevalence of CAC in CKD patients was 76 and 46.5% with and without diabetes, respectively. Patients with diabetes had higher CAC scores with more vessels affected, and in the presence of diabetes men and women had the same risk for CAC. In patients with diabetes, age was the unique explanatory variable for detecting the presence of CAC, while age and smoking history predicted severity. In patients without diabetes, age, male gender, body mass index, estimated glomerular filtration rate and serum phosphate levels predicted the presence of CAC, while parathyroid hormone predicted severity. Prevalence of PAC was 63 and 12% in subjects with and without diabetes. PAC detected by foot radiography was not an adequate alternative-screening marker for identifying patients with CAC.. Conclusions. CAC is common in CKD stages 3 and 4 patients, especially in men and women with diabetes.
Introduction
In the general population, the presence and extent of coronary artery calcification (CAC) have been used for the non-invasive diagnosis of coronary artery disease in both symptomatic and asymptomatic patients [1, 2] . The presence and extent of CAC also seems to have prognostic value for future cardiac events in both asymptomatic and symptomatic patients [2] .
Electron beam computed tomography (EBCT) and more recently multislice computed tomography (MSCT) have been used for the detection of CAC and its quantification (CAC score). MSCT is more widely available than EBCT and CAC scores measured with both techniques have similar significance [3] .
Vascular calcification is a common complication of chronic kidney disease (CKD) and may contribute to the increased cardiovascular disease (CVD) risk in CKD patients. CAC is virtually never detected in healthy asymptomatic subjects before the age of 40 years [4] , yet, it occurs at an early age in haemodialysis patients, demonstrated both by EBCT [5, 6] and at post mortem [7] . In patients new to haemodialysis, the prevalence of CAC has been reported at 64%, indicating that the process of calcification begins in the earlier stages of CKD [8, 9] . In patients established on dialysis, CAC prevalence rates up to 92% have been reported, and the extent of CAC is up to 10 times greater than expected for age and sex [5, 6, [10] [11] [12] [13] . Studies to date reporting CAC prevalence in CKD patients not undergoing dialysis, report prevalence rates between 27-94% depending upon the case mix [14] [15] [16] [17] [18] . Severity of CAC may have prognostic significance in CKD as it has been linked to all-cause mortality [19] . The most consistent predictors of CAC are age, diabetes and dialysis vintage, however in some studies dyslipidaemia, disorders of bone mineral metabolism and the use of calcium-based phosphate binders have also been implicated [5, 6, [10] [11] [12] [20] [21] [22] [23] [24] [25] . Although the presence of diabetes seems to increase the risk of CAC [14] [15] [16] to date no direct comparisons have been reported comparing patients with and without diabetes with the same degree of renal impairment.
The aims of this study were to determine the prevalence and extent of CAC in asymptomatic patients with CKD stages 3 and 4 comparing those with and those without diabetes. We used MSCT to measure CAC scores and examined prognostic factors.
As both MSCT and EBCT are expensive and not always available a further aim of our study was to evaluate the potential of identifying peripheral arterial calcification (PAC) detected in a foot radiograph, as a surrogate marker of CAC.
Subjects and Methods
A cross-sectional study was carried out in both male and female patients with CKD stages 3 and 4, aged between 18-65 years. Two groups were recruited according to diabetes status. Exclusion criteria were known coronary heart disease (CHD), history of angina, myocardial infarction, previous coronary artery revascularization or a positive diagnostic test (stress test, angiography, radionuclide imaging). Patients with a significant arrhythmia, that could preclude gating during the MSCT, were also excluded. A detailed history and physical examination were performed on all participants at inclusion into the study. All patients gave written informed consent, and the local Ethics and Research and Development Committees approved the study protocol. All investigations were performed on the day of the CT scan. Routine biochemistry was performed on a single fasting serum sample collected in the morning and included the following: intact PTH (iPTH), lipid profile (total cholesterol, low and high density protein levels, triglycerides), calcium (adjusted for albumin), phosphate, bicarbonate, albumin and glycated haemoglobin. Urinary calcium and protein: creatinine ratio (UPC) was also determined. The four-variable modification of diet in renal disease (MDRD) equation estimated glomerular filtration rate (eGFR) was used for the determination of CKD stage.
Radiology
Multislice CT scanning of the thorax was performed on a GE (General Electric) Medical Systems Lightspeed 16 scanner to determine coronary artery calcification. The data acquisition parameters were 120 KVp, 350 mA, slice width 2.5 mm, gantry rotation time 0.5 seconds and thick/ speed 2.5 mm/8i. Data were reconstructed with a standard algorithm using a 512 Â 512 matrix, 50 cm scan field of view and 25 cm display field of view. The system was synchronized with the cardiac cycle to trigger scanning during the diastolic phase. All pixels with an intensity !130 Hounsfield units were counted and data were analysed using CardIQ Smart Score software (GE). Calcification score was determined using the Agatston/Janowitz scoring system [26] , a score above zero was considered to identify the presence of calcium.
A standardized plain radiograph of the left foot was taken to determine if there was any calcification of the dorsalis pedis artery. Peripheral arterial calcification (PAC) was reported as absent or present. A single radiologist, blinded to the patients' clinical status, reported all the scans and x-rays.
Statistics
All data are presented as mean AE SD, medians and range, and proportions as appropriate. Student t-test was used for continuous variables and Fisher's Exact was used for discrete variables. A significant difference is assumed with P less than 0.05.
The presence or absence of CAC and PAC were analysed as discrete traits. CAC scores were log transformed to allow analysis of severity of CAC.
Significant variables identified by univariate analysis, namely age, gender, diabetes status, eGFR, body mass index (BMI), systolic BP (SBP), smoking history, iPTH, phosphate, bicarbonate and low-density lipoprotein (LDL), were entered into a binary logistic regression analyses (to identify variables associated with presence or absence of CAC) and a multivariate linear regression analysis model (to identify variables associated with severity of CAC). Odds ratio (OR) and 95% confidence interval (95% CI) are reported for logistic regression (goodness of fit evaluated by Homer and Lemeshow test). Adjusted R 2 is reported for multivariate linear analysis (model evaluated by inspecting the normal P-P plot of the regression standardized residuals). The 2 Â 2 table model method of analysis was used to evaluate the diagnostic value of measuring PAC.
All analyses were performed using the Statitical Package for Social Science (SPSS for windows version 14, SPSS Inc, Chicago, IL).
Results
In total, 112 patients were included in the study, 54 with diabetes (median age 53.5 years, 32 males) and 58 without (median age 50 years, 35 males). Ninety-nine percent were Caucasian, 70 patients (33 with diabetes) were CKD stage 3 and 42 patients (21 with diabetes) were CKD stage 4. Primary renal diseases included: diabetic nephropathy (34%), glomerulonephritis (14%), reflux nephropathy (11%), renovascular disease (10%), polycystic kidney disease (10%), vasculitis (4%), other causes (10%) and unknown cause (7%). Baseline clinical characteristics and biochemical parameters for the two groups (with and without diabetes) are shown in Tables 1 and 2 (biochemistry values represent a single fasting measurement). The two groups were well matched for age, gender and most of the clinical characteristics. However, patients with diabetes had significantly higher BMI and SBP and lower total and LDL cholesterol levels. Phosphate, calcium phosphate product and bicarbonate blood levels were all higher in patients with diabetes, and antiplatelet and statin medications were prescribed more frequently to patients with diabetes (Tables 1 and 2 ).
Detection of coronary and peripheral artery calcification 3209
Coronary artery calcification CAC was present in 60% of the group as a whole; prevalence was significantly higher in patients with diabetes (74%) compared with those without diabetes (46.6%) (P ¼ 0.003). Patients with diabetes also had higher CAC scores (P ¼ 0.002) with more vessels affected (P ¼ 0.03) (data shown in Figure 1 and Table 3 ). In the group without diabetes, prevalence of CAC was higher in men than women (60% compared with 26%, P ¼ 0.003). Figure 2 and Table 4 shows the distribution of the extent of CAC comparing diabetes status and gender, [median (range) and mean (95% CI for mean)]. Women with diabetes developed calcium deposits at a similar age as the men (Figure 3 In the group with diabetes, age was the unique explanatory variable for detecting the presence of CAC (OR ¼ 1.095, 95% CI 1.022, 1.174 (P ¼ 0.01). In the same group age and smoking history were the significant predictors for the severity of CAC (Adjusted R 2 ¼ 0.338, P < 0.001). In the group without diabetes, the significant predictors for detecting the presence of CAC were age, male gender, BMI, eGFR and serum phosphate levels. The ORs are shown in Table 5 (P ¼ 0.002 for the model). In the same group log iPTH was the only variable significantly associated with the severity of CAC (adjusted R 2 ¼ 0.563, P ¼ 0.002). For the whole group the significant predictors for detecting the presence of CAC were age (OR: 1.10, 95% CI: 1.05-1.16), diabetes (OR: 2.55, 95% Cl: 1.04-6.26) and BMI (OR: 1.10, 95% CI: 1.02-1.20). Predictors for the severity of CAC were age, diabetes, male gender, smoking history and log iPTH (adjusted R 2 ¼ 0.300 P < 0.001)
Peripheral artery calcification (PAC)
Peripheral calcification of the dorsal pedis artery was detected in 63% of the patients with diabetes compared with 12% in those without diabetes (P < 0.001).
The presence of PAC on plain radiograph identified patients with CAC on MSCT, with a sensitivity of 73%, a specificity of 28%, a positive predictive value of 44% and a negative predictive value of 76%. Chi-square analysis of CAC absent/present and PAC absent/present was just significant, P ¼ 0.044.
Discussion
This study is the first to compare prevalence rates and severity of CAC in patients with CKD stages 3 and 4 with and without diabetes using MSCT scanning. We report an overall prevalence of CAC of 60% in CKD stage 3 and 4 subjects and when diabetes was present this increased to 74%. Increased prevalence of CAC has been reported previously in several studies of pre-dialysis CKD patients with rates ranging between 27-94% [14] [15] [16] [17] [18] . Diabetes has also been shown to be associated with an increased risk of developing CAC in subjects with and without renal disease [15] [16] [17] 27] . Mehrotra et al. [27] reported a CAC prevalence of 93% in patients with diabetic nephropathy compared with Fig. 3 . Total CAC score vs. . . Age in years described by gender and diabetes status (plotted on logarithmic scale). Table 5 . Odds ratios estimated from the binary logistic regression model for the prediction of presence of coronary artery calcification, in the patients without diabetes (n ¼ 58) P-value for the model <0.002 Ã for every 0.1 unit change.
Detection of coronary and peripheral artery calcification 3211 63% in subjects with diabetes without nephropathy; interestingly, in their study both the prevalence and severity of calcification were similar across stages 1 to 5 CKD. In another study of 32 type 2 diabetes patients, with a mean eGFR of 49.8 AE 6.1 ml/min/1.73 m 2 , a similar prevalence of CAC (94%) was reported.
No previous study has directly compared CKD patients, with the same degree of kidney failure, with and without diabetes to clarify the relative contribution of diabetes to the presence of CAC in a CKD population. In this cross sectional study, we show that diabetes is clearly a major risk factor for the presence, severity and extent of CAC in subjects with CKD stages 3 and 4. Diabetes status per se was strongly predictive of CAC, overshadowing the effect of other risk factors, although it was surprising that the duration of diabetes and the level of diabetic control, as judged by Hb A1c, did not correlate with CAC.
Previous studies have demonstrated a higher risk of CAC in men both with [1, 4] and without CKD [28, 29] and a similar gender difference has been reported in diabetes, 93% in males compared with 74% in females [27] . In our study, men without diabetes were significantly more likely to have CAC compared with women without diabetes. However the gender difference was lost in patients with diabetes where women were just as likely to have CAC as men; this is in agreement with Merjanian et al. [15] . It is known that in men, established coronary heart disease (CHD) is a greater risk factor than diabetes for CHD mortality and this is reversed in women when diabetes carries the greater risk of CHD mortality [30] .
In addition to diabetes, other traditional CVD risk factors such as age, obesity, dyslipidaemia, hypertension and smoking have also been associated with CAC. Age is consistently a risk factor for the presence and severity of CAC, both in the general population and in patients with CKD [6, 10, 11, 14, 23, 31] and we confirm this in our study. In the present study, CAC was detected in relatively young individuals, as previously reported in patients receiving dialysis [6] . Obesity, another established CVD risk factor for CHD [6, 14, 28, 32] , was also an independent predictor for the presence of CAC in our non-diabetic group. Colinearity between BMI and diabetes was identified. Dyslipidaemia has been associated with CAC in some studies of end-stage renal disease (ESRD) and in pre-dialysis CKD patients [6, 14, 20, 23 ], but we could not confirm this relationship. This may be because our patients with diabetes, the group at higher risk for CAC, were more frequently prescribed HMG CoA reductase inhibitors and as a consequence had lower total and HDL cholesterol levels. Hypertension has also been linked to CAC in studies in pre-dialysis and ESRD patients [10, 27] , but in our study was not an independent predictor of CAC. Smoking correlates with CAC in the general population [33, 34] and in the present study was a determinant of the severity of CAC for the group with diabetes.
In addition to the traditional CVD risk factors described above, CAC has also been associated with disorders of calcium and phosphate balance in ESRD populations [6, 10, 20, 23, 25] . Interestingly, in our study phosphate levels were found to be an independent predictor for the presence of CAC in patients without diabetes despite the majority of values being within the normal range. This has not been previously reported, although Tomiyama et al. [14] reported a correlation between phosphate levels and severity of CAC (the majority of phosphate values within their study group were also within the normal range). Also, the majority of patients in this study were not prescribed calciumbased phosphate binders suggesting that the complications associated with dialysis populations do not apply. We also report that iPTH levels correlated with the extent of CAC in subjects without diabetes but not in patients with diabetes. It may be that diabetes is such a strong risk factor that it overshadows the effect of parathyroid hormone and phosphate.
An additional aim of this study was to determine whether or not a plain radiograph of the foot, to look for vascular calcification, would act as a surrogate marker for the presence of CAC. Our results do not support this since the sensitivity, specificity and predictive values were inadequate for screening purposes. Nevertheless, coexistence of CAC and PAC was common, particularly in subjects with diabetes and CKD.
The results from this investigation should be interpreted while taking into account potential limitations. First, the cross-sectional design, as a prevalence study represents a 'snap shot' of the population studied, and 99% were Caucasian, the findings may not apply to other ethnic groups. Second, single measurements were made of biochemical parameters, rather than timeaveraged values. Third, there is the possibility of recall bias (e.g. smoking history) however we feel this would affect both groups equally and we used ever vs never to allow for this. Fourth, a number of confounders were identified (e.g. BMI and diabetes); in each case colinearity where co-linearity was identified the variable with the strongest relationship was used in our analysis. Finally, the lack of control populations without CKD and diabetes is a limitation of this study.
In conclusion, we found that CAC is common in patients with CKD stages 3 and 4, particularly in those with diabetes where it affects men and women to the same extent. CAC was also found in relatively young patients, as young as 32 years. Factors such as age, gender and diabetes status are not reversible and although not interventional, our study shows the potential deleterious effect of obesity and smoking on CAC. Further studies are needed to establish precisely when CAC develops in the course of CKD and diabetes, the rate of progression, and whether the process is reversible.
